Experimental research into thermal alterations to bone has tended to be carried out under laboratory conditions, where different burning scenarios are simulated to reconstruct the respective heat-induced changes in bone. While this approach has greatly advanced this field of research, very little open-air field experimentation has been conducted and consequently documented. The current paper presents the results of the first study to utilise field experimentation to examine the heat-induced alterations that occur in bone when subjected to two different firing conditions. This experiment contrasted a reconstruction of a funeral pyre with a simulated house fire in order to explore differences in the effects of accidental and deliberate burning scenarios on bone. Both advantages and problems faced are discussed with regards to the methodological approach used to document and analyse the resultant burnt bone; leading to recommendations for future research. The burned bone assemblage from the accidental fire displayed uneven burning, with an extensive spectrum of colour alteration. Bone fragments recovered from the funeral pyre however showed distinctly uniform thermal changes, with minimal variation. This research demonstrates the value of field experimentation in the analysis of burned bone from both archaeological and forensic contexts and concludes that future research would greatly benefit from employing a similar mode of investigation, in conjunction with laboratory experimentation.
Introduction
Understanding the thermal decomposition of bone is essential for reconstructing the effect of fire on human remains, in both forensic and archaeological contexts (Symes et The current paper discusses the results of a pilot study where two deer carcasses were subjected to two differently constructed experimental fires, in order to study macroscopic changes to bone subject to thermal alteration in differing circumstances.. The first was a structured funeral pyre, the other a simulated accidental indoor fire using a metal shipping container to represent a generic domestic structure. There were three principle aims to the investigation; firstly, to establish a protocol on how to conduct, record and interpret open-air experimental fires; secondly to document both experiments; thirdly, to investigate how bone responds to opposing firing conditions, one that is managed and one that is left to burn out without ongoing intervention, by recording multiple H-I modifications in the remnant burnt bone.
H-I alterations in bone
Certainly, the most widely documented and well-studied macroscopic alteration that occurs to bone when subject to extreme heat is colour change (Delvin and Herrmann 2015).
Research has found that a skeletal element will pass through a sequential spectrum of chromatic alteration, from yellowish to white, which is caused by the combustion of its organic and inorganic components and is subject to oxygen availability ( Fig. 1) (Reidsma et al. 2016 ; Ubelaker 2009; Ullinger et al. 2015) . When bone is first subjected to heat it changes from its normal ivory colour to brown and then black, caused by the combustion of both carbon and collagen. This is followed by grey which is induced by the polarization of organic compounds, and then white which is caused by the complete combustion of the bone's organic material and the fusion of bone mineral (Ellingham et al. 2015a ). While the order of colour change in bone is always the same, different researchers have reported varying temperatures at which these stages are achieved (Ellingham et al. 2015a ).
Colouration in burned skeletal remains however can also be a consequence of staining from minerals within the burial environment or the melting of metal artefacts that are either worn On a microscopic level, the ultra-structural morphology of bone also changes when heated (Nelson 1992) . Histomorphology has been successfully used to examine these microscopic changes in burnt bone, and has found these alterations to be a sensitive indicator of thermal decomposition (Squires et al. 2011) . More recently, studies have experimented with reconstructing the crystallinity indices of burnt bone to infer burning temperatures, including low, medium and high (Thompson et al. 2009 ; Thompson et al. 2013 ). The CI index has been found to be the most reliable representation of the crystallinity of burnt bone and has been applied in the analysis of cremated samples from the archaeological record ). Shipman et al. 1984) . Despite this method producing the sort after H-I alterations within the skeletal samples, temperature selection is often subject to the settings of the oven or kiln used in the study. As such the burning temperatures used vary across studies.
Laboratory Experiments
The above research has established that thermal decomposition of bone is caused by temperature increase, although variation in the temperature threshold at which the decomposition stages take place may occur due to the action of other factors. Taken . This approach provides a rare opportunity for the researcher to witness the changes that occur to a cadaver as a result of extreme heat exposure.
Field Experiments
Open-air experimentation has been used to analyse the H-I changes in burned bone, but The current study employs field experiments to document the processes involved in two different fire scenarios and examine the thermal alterations that occur. Two opposing fire scenarios were simulated, an accidental and deliberate fire.
Materials
Two European roe deer carcasses (Capreolus capreolus) were used as proxies in these experiments. Both individuals were culled as part of the humane management of deer herds in Dorset, ensuring concordance with the Animals Scientific Procedures Act (1986). The deer, one male and one female, were not defleshed or otherwise manipulated prior to the experiments, except for a single gunshot wound to the thorax (0.308 caliber, 10-20mm soft tissue wound). This was to ensure the authenticity of each experiment and to avoid compromising the results obtained. The female deer was 0.95m long, stood 1.02m tall and weighed 20Kg, while the male measured 1m long, stood 1.04m tall and weighed 25Kg. It is noted that this difference in body size may influence the degree of thermal decomposition due to their varying body mass indices. The two specimens had been dead for three days prior to each experiment. They were stored in chest freezers and then thawed prior to each experiment to prevent decomposition.
Accidental Fire
The first scenario was intended to simulate the effects of an accidental fire occurring in a Services. The latter regularly reproduce the circumstances of accidental fires in buildings using metal shipping containers as the latter permit re-use. The metal container used in the current experiment (Fig. 2 ) measured c.5m by c.2.5m. The deer was positioned towards the entrance of the container and five sheets of chipboard (40Kg), seven wooden planks (336Kg), as well as tissue paper (0.5Kg) were placed at the back of the container away from the carcass; this fuel was used to ignite the fire. This material was not replaced once burned.
The door of the shipping container was also left open to encourage a sufficient air supply.
The placement of the deer carcass by the door was intended to simulate a fire victim who had collapsed following smoke inhalation. The temperature of the container was recorded as often as possible at 10 and 20 minute intervals using a non-contact digital LCD infrared thermometer and an infrared thermometer camera. This approach did not allow the temperature of the carcass itself to be recorded, but the temperature of the combustion from a safe distance. Previous research has used built-in temperature gages to record
temperature, yet as this experiment was conducted on location alternative mobile devices were necessayr (Ellingham et al. 2016) . A handheld Panasonic Lumix G1 52mm Camera and a Panasonic HC-X920 video camera were used to document the experiment. 
Funeral Pyre
The first funeral pyre experiment was attempted on the 2 nd of July 2014, at Trigon Estate, Wareham Dorset. Unfortunately, as the wood provided was freshly cut green timber, the moisture content of the wood was too high and it was not possible to start the fire. The experiment was therefore postponed to the 4 th of July 2014. During this two day period, the carcass was stored in a shipping container on site, to stop it from being scavenged.
The pyre was situated in an open field, away from adjacent woodland (Fig. 3) . The area in which it was placed had been cleared of any foliage that could exacerbate the combustion and the construction took the form of a ten-tiered, 2m 2 tower that stood at 1.4m tall. The gridiron structure was chosen to encourage sufficient oxygen ventilation (McKinley 1997).
The ascending layers were stuffed with hay (3Kg), and newspaper (1Kg) to ensure that the flash point would be high enough to achieve combustion (Marshall 2011) . The deer was positioned on top of the pyre to guarantee direct heat exposure, and the fire's fuel load was maintained by the continual addition of logs, 27 halved juvenile oak (1431Kg), hay (1Kg) and newspaper (1.5Kg) until the pyre collapsed. The temperature was recorded at regular intervals with a non-contact digital LCD infrared thermometer. Again, this approach did not allow the temperature of the carcass itself to be recorded, but the temperature of the combustion from a safe distance. A handheld Panasonic Lumix G1 52mm Camera and a Panasonic HC-X920 video camera was used to document the experiment. 
Methods
The burnt bone from the shipping container fire was left overnight to cool before it was collected. The interior of the shipping container was gridded off, and the burnt bone was bagged up according to its grid reference. As the burnt bone was spread throughout the container, three grids were used to collect the material. This produced three sets of data.
The leftover burnt bone from the funeral pyre was left for an hour and sprayed with water before collection; it was decided that the material should not be left overnight in case it was disturbed or scavenged. Again, the pyre site was gridded off and the burnt bone was bagged up according to its grid reference. The material from both experiments was then kept in plastic boxes and transported to the Bournemouth University Osteology Laboratory for analysis.
The burnt bone from the experiments was sorted in order to separate the thermally altered bone from any extraneous material.
Degree of Burning
The degree of burning was analysed using a 5 point visual scoring system adapted from Stiner et al. (1995) (Fig.4) . This method ranks the progression of carbonization to calcination. At the bottom end of the scale, 1 represents the presence of soft tissue with minimal charring (blackening), while 5 denotes more than 50% calcination (whitening). 
Uniformity of Burning
The uniformity of burning was measured using a 5 point visual scoring system adapted from Cain (2005) (Fig. 5) . This technique identifies how many patterns of burning are visible within a single thermally altered bone fragment. A score of 1 represents uniform H-I alteration, while 5 demonstrates variability. 
Colour Change
The colour of burnt bone was analysed using a 6 point visual scoring system, based on the sequential spectrum of colour change outlined in previous experimental research ( 
Fracture Patterning
Fracture patterning was analysed using a 5 point scoring system based on the criteria published by Buikstra and Swegle (1989) (Fig7). A number was assigned to each thermally altered bone fragment that represented the type of fracturing observed. Only surface fractures within the element were recorded, rather than the way in which each fragment had broken. Consequently, if no fractures were present then a score of 0 was given. 
Weight
The total weight of each assemblage was recorded using Fisherbrand PF-203 digital scales. A student's t-test was then used to compare the mean weight between of two assemblages.
Statistical Analysis
All statistical tests were computed using SPSS software package including version 2014.
Results
The results from the Kruskal-Wallis H-Test (One-Way Analysis of Variance on ranked values) are presented in table 1. It is clear that the material from all three data sets differs significantly with regards to each variable analysed, demonstrating substantial intraassemblage variation. It was decided that as the material from gird 2 showed the highest degree of thermal exposure, and was therefore used in the analysis. 
H-I Modification Grid
No. 
Mean

Accidental Fire -Shipping Container
The experiment is documented in figure 9 .The shipping container fire burnt out after 160 minutes. The range of temperatures recorded was 80-1000ºC, with extremely high temperatures recorded initially, followed by a sharp drop after the first half hour (Fig. 8) . In this experiment, the door of the shipping container was the only channel of oxygen that fed the combustion and it is likely that a shortage of oxygen, after the initial supply inside the container was used up, also contributed to the sharp drop in temperature following the fire's flash point. An important point of note was that the deer began to combust before it was reached by the flames. After twenty minutes the environment was so hot that the deer carcass self-ignited, and the muscles contracted in both the front and hind legs causing them to rise and flex, taking on a pugilistic position. By the end of the experiment, soft tissue remained on a large portion of the torso, while bones of the skull and appendages were entirely calcinated. 
Funeral Pyre
The experiment is documented in figure 11 . The funeral pyre burned for a total of 210 minutes and temperatures ranged from 166-553ºC (Fig 10) , demonstrating a continuum. In this experiment it was noted that the strong northerly wind on the day of the experiment helped with this continuity as it stimulated the oxygen flow. After approximately 20 minutes the fur of the deer began to char and after 50 minutes the muscles in the hind legs began to contract. After 1.5 hours, logs were no longer added to the fire as the pyre had collapsed, only a small fire remained and the addition of more fuel would not cause the carcass to reduce any more. By the end of the experiment the surface temperature of the pyre site was still considerably high. A small portion of the torso was left consisting of soft tissue, and a substantial amount of calcinated bone mostly from the front and hind legs, as well as the skull also remained. 
Weight
The shipping container fire produced 303 fragments of burnt material, including bone and soft tissue, weighing 699.23g in total. The male deer carcass originally weighed 25Kg prior to burning. A weight reduction of 24,300.77g (97.2%) took place during firing. The funeral pyre experiment on the other had resulted in 398 fragments of burnt material weighing 269.47g in total. The female deer carcass originally weighed 20Kg before the experiment. A weight reduction of 19,730.53g (98.65%) had occurred. In both instances, a similar quantity of burnt material was produced for both the male and female deer cadavers, however the weight of the burnt material varied substantially. A students t-test found the difference in the average total weight to be significant (p<0.000). 
Degree of Burning
Uniformity of Burning
A similar outcome was also observed in the uniformity of burning (Fig 13) . The fragments from the shipping container displayed varying levels of heat exposure with the majority (137 fragments, 45.2%) exhibiting three different burning patterns on the same element and scoring a median value of 3, with an interquartile range of 1. However, over half of the fragments from the funeral pyre displayed a uniform burning pattern (290 fragments, 72.8% scoring 1 -complete uniformity) while the remainder scored between two patterns of burning and four patterns of burning (108 fragments, 26.4%), obtaining a median value of 1 and an interquartile range of 1. Again, the difference between the two experiments were found significant by the Mann-Whitney U test (p<0.001). 
Colour Change
The change in colour between the two datasets was also found to differ significantly (Fig 14) , with P<0.001 obtained by the Mann-Whitney U test. Score 6 (white colouration) was the most observed pigmentation in both assemblages and was recorded 225 times (74.3%) for the shipping container and 389 times (97.7%) for the funeral pyre; however the number of scores in the other categories varied substantially between the two assemblages. The remaining fragments from the shipping container demonstrated a relatively even spread of colouration from brown to orange, while those from the funeral pyre displayed minimal variation and an overall majority of white pigmentation. 
Fracture Patterning
Only a small proportion of both assemblages exhibited fracture patterning. The results presented in figure 15 show that the fragments from the shipping container consisted of mostly longitudinal fractures (58 fragments, 19.1%), with some transverse (3 fragments, 0.9%) and exfoliated patterning (23 fragments, 7.5%), however polygonal breakages were not recorded. The majority of fragments from the funeral pyre exhibited transverse fracturing (55 fragments, 13.8%), with some evidence for longitudinal (11 fragments, 2.7%) and polygonal breakages (13 fragments, 3.2%), but exfoliated fracturing was not evident. This differentiation was significant by Mann-Whitney U test (p<0.001). 
Discussion
The use of field experiments in the burning of animal cadavers to investigate the macroscopic H-I modifications in burnt bone is a valuable scientific approach, as demonstrated by this study, and should be applied more widely in this field of research to compliment laboratory research. From this pilot study, it is clear that the use of fire within a non-laboratory environment is challenging and warrants considerable effort and planning for all those involved. The methodological approach provided in this study not only describes the resources needed for conducting these types of experiments, including landowner's permission, collaboration with the local fire authorities, and health and safety considerations, but also the quantity and type of material needed to achieve a fires flash point and maintain combustion to ensure the decomposition of a carcass. It also highlights key issues that should be taken into consideration when planning such an experiment, including carcass storage to avoid scavenging, the use of seasoned wood, and the difficulties surrounding recording the temperature of the carcass itself.
Recently burnt bone is difficult to handle and transport back to a laboratory for analysis without causing further post-burning damage. The material from the funeral pyre experiment was left to cool for an hour before being sprayed with water. This action was taken to avoid leaving the material overnight and risk scavenging. However, it is possible that this increased the risk of bone fragmentation, considering the friable nature of the material. A small amount of bone was initially tested, to establish whether this would compromise structural integrity. Seemingly, no further breakage occurred. The material was left to dry before it was retrieved, however this is not to say that fragmentation did not take place during transport as a result. The quantification of H-I modifications can also be challenging.
By assessing every fragment and using schematic scoring systems to document the H-I modifications, a large amount of data can be collected efficiently. These scoring systems are however subject to the perceptions of the examiner; it would have been useful to conduct an inter-observer study of the methods used in this paper to assess their reliability.
The value of this pilot study is the documentation of open-aired experimentation, and recognition of the many aspects that need to be considered for sufficient and thorough interpretation of the data. This is because the fires in this study were subject to multiple influencing factors, including varying weather conditions, availability, quality and quantity of fuel, the use of different sized and sexed carcass, and the simulation of accidental and deliberate fires. Future research would benefit from measuring these conditions in greater detail.
These two opposing experiments, a deliberate funeral pyre and an accidental shipping container fire demonstrate how different ways of managing both the body and the fire can Despite both experiments producing similar quantities of material, the total weight differed, while the total average weight of individual fragments also varied significantly. This is due to the difference in the preservation of soft tissue between the two assemblages. Different types of fracture pattens were also observed in both assemblages. These results have also been observed in archaeological research ) and could simply be a reflection of the different ways in which these fires were managed. It would be interesting for future research to also examine the difference in fragmentation, as a means of exploring 
Conclusion
This paper has demonstrated the value of field experimentation and how it can complement the already extensive laboratory research available in this field. concerning the preservation of a body and its effect on muscle contraction, as well as how to effectively record the temperature of a carcass during firing, all of which would benefit from the implementation of further field experimentation.
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